We analyze the charged lepton flavor violating (CLFV) decays of vector mesons V → l 
I. INTRODUCTION
The neutrino oscillation experiments have convinced that neutrinos possess tiny masses and mix with each other [1] [2] [3] [4] [5] [6] [7] [8] [9] . This phenomenon shows that charged lepton flavor violating (CLFV) process [10] [11] [12] is strongly suppressed in the Standard Model (SM). Therefore, CLFV processes are considered as an evidence to study new physics beyond the SM. Physicists do more research on the CLFV decays of vector mesons in various SM extension, such as grand unified models [13, 14] , supersymmetric models with and without R-party [15] [16] [17] , leftright symmetry models [18, 19] and Z models [20, 21] etc. In our previous work, we investigate these CLFV processes in the framework of MSSM with type I seesaw mechanism [22, 23] , and some of the theoretical evaluations on CLFV processes fit better with the experimental upper bounds, such as J/Ψ(Υ) → l ± i l ∓ j with l i , l j ∈ {e, µ, τ }. However, the predictions on processes φ(ρ 0 , ω) → e + µ − in MSSM with type I seesaw mechanism are around 10 −20 , which are far below the present experimental upper bounds.
Current experiments naturally suggest to search for two-body decays of vector mesons
in the e ± µ ∓ final state. Considering the experimental constraints on the processes l j → 3l i and l j → l i + γ, many experts have studied the CLFV processes involving vector mesons
with V ∈ {φ, J/Ψ, Υ, ρ 0 , ω} and l i , l j ∈ {e, µ, τ } [24, 25] . Likewise, the constraints from µ − e conversion are also taken into account on these processes [26] [27] [28] . Currently, PDG [29] give an independent experimental upper limits on the two-body decays of vector mesons, which are shown as 
As an extension of the minimal supersymmetric standard model (MSSM) [15, 16, 30, 31] , gauged baryon number (B) and lepton number (L) are added in the BLMSSM [32] [33] [34] [35] .
Compared with the MSSM possessing R-party conservation, there are new parameters and new contributions to CLFV processes. We introduce the local gauged B to explain the matter-antimatter asymmetry in the universe. Lepton number L is expected to be broken spontaneously at the TeV scale. Furthermore, right-handed neutrinos are considered to explain the neutrino oscillation experiments. In our work, the CLFV processes of vector mesons (φ(J/Ψ, Υ, ρ 0 , ω) → e + µ − and J/Ψ(Υ) → e + τ − (µ + τ − )) are investigated within the BLMSSM. Let us assume that a vector meson V i couples to e ± µ ∓ , and the corresponding effective Lagrangian can be written as [25] [26] [27] [28] :
where V i is a quark-antiquark bound state like φ, J/Ψ, Υ, ρ 0 , ω. ξ This work is organized as follows: In Sec.2, we describe the BLMSSM model briefly, including the corresponding interaction lagrangian, needed mass matrices and couplings.
As an example, we derive the analytic results of amplitudes for diagrams in Section 3. In Sec.4, we give out the corresponding parameters and numerical results. And the conclusion is shown in Section 5. The superfields in the BLMSSM are presented in Appendix A.
II. BLMSSM
In this work, we study a supersymmetric model where baryon (B) and lepton (L) numbers are local gauge symmetries. This model is defined as BLMSSM and the corresponding local [32, 36, 37] . In the BLMSSM, the local B and L are spontaneously broken at the TeV scale. In order to cancel the B and L anomalies, a vector-like family is needed, which areQ 4 ,Û c 4 ,D the model introduces Higgs superfieldsΦ B ,φ B andΦ LφL respectively. After these Higgs superfields acquiring nonzero vacuum expectation values (VEVs), the exotic quarks and leptons obtain masses. Furthermore, the introduction of superfieldsX andX ′ is to make exotic quarks avoid stability. Actually, the lightest one can be a dark matter candidate.
The superpotential of BLMSSM is written as
here W M SSM represents the superpotential of the MSSM, and the concrete forms of superpotentials W B , W L and W X are given as
The soft breaking terms L sof t in the BLMSSM can be found in our previous work [38] [39] [40] .
In the BLMSSM, the SU(2)
In this model, we introduce the superfieldsN c , so three neutrinos obtain tiny masses through the see-saw mechanism. In the basis (ψ ν I L , ψ N cI R ), the mass matrix of neutrinos is deduced after the symmetry breaking
here, χ 0 Nα represent the mass eigenstates of neutrino fields mixed by left-handed and righthanded neutrinos.
Similarly, with the introduced superfieldsN c , we can also obtain the mass squared matrix of sneutrinos in the baseñ T = (ν,Ñ c ). And this matrix is more complicated than that in MSSM.
where,
Through matrix Z ν , the mass matrix can be diagonalized.
With the new gaugino λ L and the superpartners of
From the contributions of the superpotential and the soft breaking terms, the corrected form for the slepton mass squared matrix reads as
Then the mass matrix can be rotated to the mass eigenstates by the unitary matrix ZL.
In the BLMSSM, the introduced superfieldsN c lead to corrections for the couplings existed in MSSM. We deduce some corrected couplings, such as W-lepton-neutrino and Z-neutrino-neutrino couplings, which are shown as:
where
and
. We define s W = sin θ W , c W = cos θ W , and θ W is the Weinberg angle.
The Z-sneutrino-sneutrino coupling is deduced as:
We also obtain the chargino-lepton-sneutrino coupling:
Considering the interactions of gauge and matter multiplets ig
, we deduce a new coupling for lepton-slepton-lepton neutralino. The corresponding form for this coupling is written as
III. THE AMPLITUDES FOR CLFV DECAYS OF VECTOR MESONS
In the BLMSSM, the CLFV decays of vector mesons V → l
with V ∈ {φ, J/Ψ, Υ, ρ 0 , ω} and l i , l j ∈ {e, µ, τ } are studied. We know that meson is consist of quark and anti-quark. Meson φ is made up of ss; J/Ψ is constituted of cc; Υ is composed of bb;
(uū − dd) and ω is consist of
(uū + dd). We depict the relevant 
In the quark picture, mesons are composed of a quark and an anti-quark. QCD has the property of "quark confinement", so the traditional way to the perturbative calculation can not work. At quark-gluon level, the complicated calculation of loop integrations is governed by the non-perturbative QCD effects. However, completely reliable way to these non-perturbative QCD effects is lacking at present. Therefore, as a powerful phenomenological model, a sum rule for light-cone wavefunction [41] [42] [43] [44] [45] is adopted, which is widely used in the theoretical research of particle physics and nuclear physics.
To obtain the decay amplitude of process involving a vector meson, one needs to calculate the matrix elements of gauge invariant nonlocal operators [44, 45] 
where Γ[x, y] is a generic Dirac matrix structure, x and y represent the coordinates of quark and anti-quark. The leading-twist distribution amplitude of vector meson V can be defined by the correlator [44, 45] :
where m V and ε V are respectively the mass and polarization vector of the vector meson,
V are the meson decay constants, V || (u) and V ⊥ (u) represent the leading-twist distribution functions corresponding to the longitudinally and transversely polarized mesons.
The momentum p satisfies p 2 = m 2 V , which shows that meson momentum is on-shell. The integration variable u stands for the momentum fraction carried by the quark, andū ≡ 1 − u corresponds to the momentum fraction of anti-quark. In our calculation, we make
, the reason is that the meson amplitudes are similar to their asymptotic form [46] . We take the number of colors N c = 3. 
Here,
|n n| ≡ 1 and the vacuum state |0 0| is the dominate item. In the amplitude A φ1 , |0 0| ≃ 1 is considered to put between wavefunctions v e (p 3 ) andv s (p 2 ). Applying the
. In order to simplify amplitude A φ1 , the general one-loop tensor N-point integrals [47, 48] are used
here, the denominator factors are
, the tensor integrals can be simplified, which is constructed from the external momenta p i and the symmetric coefficient functions T i 1 ···ip . Therefore, the amplitude A φ1 can be simplified as the invariant Passarino-Veltman integrals [49] . Applying the high energy physics package FeynCalc [50] , we can also obtain the reduced result for the amplitude A φ1 .
A 2R are the coefficients of left-handed and right-handed according to A 1 and A 2 respectively.
In a similar way, the amplitudes of other penguin diagrams in FIG.1 can be obtained.
Then, taking process φ → e + µ − in FIG.2(1) as an example, the amplitude for box diagram is described as follows
First, we need to swap the position of the wavefunctions u s (p 1 ) and v e (p 3 ). The method is named as Fierz Rearrangement, and the corresponding transformation rules and characters can be learnt from reference [51] [52] [53] . After that, we can simplify amplitude A φ b1 by light-cone wavefunction and one-loop tensor integrals. The reduced results of amplitude A φ b1 can be written as:
Here, a 
where Γ V represents the total decay width of meson V (with V ∈ {φ, J/Ψ, Υ, ρ 0 , ω} and l i , l j ∈ {e, µ, τ } ). We chose Γ φ ≃ 4. 
IV. NUMERICAL RESULTS
In the numerical analysis, we consider the experimental constrains from the light neutral
Higgs mass m h 0 ≃ 125 GeV [54] [55] [56] 
In our previous works, Br(µ → eγ) < 5.7 × 10 −13 , Br(µ → 3e) < 1.0 × 10 −12 and Br(Z → eµ) < 7.5 × 10 −7 [24, 29, 59 ] are strict constrains for our parameter space.
In this work, the meson masses are adopted as m φ = 1.019 GeV, m J/Ψ = 3.096 GeV, 
We assume ( Generally, if we do not emphasize specially, the non-diagonal elements of the parameters are defined as zero. g L = 0.1, we describe the numerical results for φ(ρ 0 , ω) → e + µ − with the parameter tan β L .
These three lines almost keep the same values for each process with the enlarging tan β L .
Obviously, the parameter tan β L has tiny effects to our numerical analysis. 
We study the decays V → e + τ − (µ + τ − ) as follows, where V ∈ {J/Ψ, Υ}. The exper-
, which are both at 90% confidence level. The experimental limit for decay Υ → µ + τ − is lower than 6.0 × 10 −6 , which is at 95% confidence level.
To study the processes V → e + τ − (µ + τ − ), the used parameters are m 2 = 0.5 TeV, Compared with MSSM, V Lt is also a new parameter, which presents in the mass matrices of slepton, sneutrino and lepton neutralino. In FIG.10 , the branching ratios for
changing with V Lt are discussed, where 
V. DISCUSSION AND CONCLUSION
In the frame of BLMSSM, we study the CLFV decays for vector mesons V → l Considering the numerical results discussed in the Section IV, various parameters affect the CLFV decays. S m and M L f are the sensitive parameters, which are the diagonal and non-diagonal elements in matrices mL and mR. The influence from S m and M L f is very remarkable. After discussing the constraints from l j → 3l i , l j → l i + γ and µ − e conversion, Br(φ → eµ) ∼ 10 −11 , Br(J/Ψ(Υ) → eµ) ∼ 10 −9 and Br(ρ 0 (ω) → eµ) ∼ 2×10 −12 , the decay J/Ψ(Υ) → eµ is much easier than φ(ρ 0 , ω) → eµ to reach the experimental upper bounds.
Similarly, Br(J/Ψ → eτ (µτ )) are at the order of (10 −10 ∼ 10 −9 ), and Br(Υ → eτ (µτ )) can reach 5 × 10 −10 , which are very promising to be observed in the near future experiments. 
